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preface _ . - _ - ‘
" The purpose of tHis manual is to consolidate into a

9 31n§le document'all of the maintenance and: operatlonal
steps wh1ch when 1mplemented will result in the

lOWest energy use cons1stenm w1th the school's educa-

P tlonal progrém

»

'It 1ncorporates 1nformdtlon Ty standard ope/gflng
/) ' ‘1nstructlons already 1ssued in separate documents. and
memoranda by the Bureau of Plant Operatlon, its Fuel
Management Section, and other sections of the Board
of Education’s Division of School Buildinds, as well

. . ¢ .
. . as instructions based on conclusions reached in the .

b

first phase of" this study of energy effic
’ schools, done for the Board of Education

sypplied by“the National Seience Foundati

ncy in
th funds

on. Further

" wecommepdations and guidelines, based’ on other ‘ma erial

- . Qubldshed recently in response to the energy crisis are

- . . BES .

.

¢

&

’

also included.

4

[4

va

<

Al} meterial contained-in the manual has b en approved
and authorized by the Bodrd of Education Ahrough the

. Division, of School Buildings, the Bureau of Facilitdes

' N A N i . '
. . S R
The'manual is organized*according to the following -
éategorles When 1mplemented the procedures described
S T . wlIl pﬂonde the,ba51s for increased é’?1c1ency in the

v . " use of energy.
>y . ". N ,‘

L3

-Plannirng pnd.Design, and the Bureau of Plant Operation..




plant operation

— " standarfs
. .
/
_‘schquﬁng'
-~ T
.
.-
, ~n
’ . ‘
b
/.

~e

‘s

-

-

o Keeping the building and its equipment well maintained
v .

" and efficiently run. N P
“ i . .

° Estéblishing,reaiistiq standards_fqr the'energy
requirements for;the various activitiss in the school
“and adjnstiné the equipment toaprovide‘no more than
these standards. ) A
@ Using energy - electricity and-fuel - anly where and

when it is needed.

.

’ >

-~
L LY ."

.The discussjon maiffly concerns procedures which are the
\custodlan s respon51b111ty, but also includes some whlch
are not his responsibility and are generally performed by'
maintenance personnel. These non—custodlal functlons‘have
been 1ncluded to famlllarlze the custodlan with all

operatlons He should be alert for all probléms and

*- .

potentlal 1mprovements and should contact hlS Borough
Superv1sor s Office of the Bureau of Plant Operatlon g -
for assistance when needed. The. Borough Superv1sor w1ll
Instruct the Bureau of-Malntenance (or outside con- =

rs

tractbrs, 1f required) to dopthe nécessary work.
. _ ) .
An ,Appendix at the end;of the manual (organized according
to the same categories as the body of the mannal)’hon-
.tains supplenmentary information,incluaihg a chart for

troubleshooting the heating plant, instructiona‘for the

N

]

%

'eValuation and modification of.existing systems, schedules,

~tahles and record blanks to be used in connection with .
the various nrdcedurea, and some other'backgroﬁnd infor-
mation. Whe;e approprlate blank forms are to be photo—

copled and fllled in as part of the process of rev1s1ng

the systems to 1mprove the operating efficiency of the

&

school plant. Written records of procedures and, data

should be kept whenever poss1b1e and’ should be avallable

S

~.
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" be dependept on tHe'presence or memory of any one

. ) 4 - e .
at—all times. :Copies of schedule tables, when

cqmpleqed, should be posted at appropriate conttol

centers to facilitate implemen%gtipn of energy saving'

v

use. Availability of such informetion should never . 8

. |
sperson, <o

.

s 7 - . . . ves
s
.

> Al . . ’ -
Any suggestidns regarding procedures; equipment .modi-
fications, 6} operational improvements that would be
helpful t¢ o?her custodlal staffs should be noted<down

and sent to the Bureau of Plant Operatlons

. .
The importance of efficient. energy use has been stressed .
enough to maske further explanation ungecessary.- R
e : . . Tw
. 3 - ) ‘ 3 \
before conservation ~ after conservation s
10 tankers per year 7 tankers per year .
<\
~ \\)\
. /
12
. .
. . .o
. ) - iii
- - . . ™
[ ] 8 A \
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plant operationr . - .
@ . »
: ’-N . ! S—
* ' This section is comprised of a set of guidelines. for

maintenance and oﬁérating procedures for energy -
T L efficiency in the plant. . . SN

»

v - s Y ’ '
. . - . : 7
X L. L] ) . L
Y ’ .. * *The goals for greater eff1c1ency are: , e
. . 1. GET THE MOST HEAT OUT OF EACH GALLON OF OIL BURNED -~
. ' (combustion eff1c1ency at the burner). ~
;' ’ 4. $ ~ L “, N ' ‘ v ]
. ' T 2. CONVERT THE MAXIMUM AMOUNT OF THAT HEAT INTO.STEAM ‘
' IN_THE BOILER (keep the tubes cleah to permit . -
., transfer of the heat from the combustion gases into®the
S -
' water which becomgs steam - control the rate’ pf flow of
" the gases to allow the max1mum absorptlon by the water
. of ' .the heat). p . B ’
: S . ’ )
3. GET_THE_MOST HEAT OUT OF THE STEAM AND' INTO [THE AREAS
WHERE IT IS NEEDED (keep all steam traps in éoo% working
+  order). ) "




e, . , - B .
- 4.~ KEEP THE HEAT IN THE BUILDING (do not overheat the

- L}
rooms; do not dump’ the heated air out of  -the building

€

L3

' L. \\\\\ by excessive operation of the exhaust systems).
. ) ' - These guidelines do not constitute a complete list of
.maintenance &and éperating prpcedures and include only

.» thase operatlons Wthh relate spec1f1cally to energy

e Cae L e - reqﬁiréd_and should be anorporated in the list of normal

- "rougines ¢if they have hot alread& beeome standard). =
Very Yit'tle extra time is_reduired,'and/&f’performzd

* | s regularly, these precedures can contribute greatly to

. curbing excessive use of fuel.

14

~— A3
» . . J
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HEATING. SYSTEM

1) - . .
t .

¥ .
TﬁOUBLESHdOTING Recognltlon of. problems 1n the system.is cruc1al to the

oneratlon of any mechanlcal.plant and can contrlbute
’ 51gn1f1tantly to its energy efflclency ' TABLE 1 on page
. a@o 13 1n the Appendix, relates symptoms which may

be- evident (such as oil’ leaks,- carboﬁ bulld—up, n01ses

.
o e el e

.° o 1rregular1t1es in the appearance of the flame, etc.) to '

\ problems, and should serve as a guide to remedies to

v

» el . .correct these problems. BN

< ;’In pérforming\the routirié operations, be alert for “any of
. ) the éymﬁtoms listed in the table and make the adjustments
. N o= .

-indicated wherever possible. If there-are problems\which'

) . reguire outs1de assistance, list them and submit the 11st
( . to ﬂr:&nough Sunerv1sor S, Offlce of the’ Bureau of Plant

.
. . »
f . -

Operation. *~ - . -~

~ . . . ' ,
.-

efficiency. They are organlzed according to the frequency

& r

~
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DAILY MAINTENANCE
AND OPERATION

every morning
before startup

-

* , !

. Insthe description of _routine operations which follow,

check means to look fOr. Whenever a problem is

evident, consu.lt TABLE 1 for iﬁterpretations.

- - ’
. .

1.' CHECK FOR SIGNS OF 0IL LEAKAGE under and ardund

the burner and pump. "If you find leaks, determine

2

whether they are lubricating oil (light brown) or fuel

0il (elmost black). 9If the leak is lubricating oil,

maké sure that reservoir has sufficient oil to p}event
damage to the equipment. Check this level frequently
until the leak has.been correctbd.  If the leak is fuel
0il, check whg}hér the oil burner strainer housing is
firmly mounted énd &11 fittings ‘are fight. If the leak

cannot be correc%ed, contact Borough‘Supervisor's Office *

" of thé Buregl of Plant Operations to hdve the unit re- . -

paired. .

L3

\? AL SN s G o
.Wmmmmmﬂhm
MU RTRAR T AV ATV STV TI00 D

- Note: Use a metal pan to cctcﬁ oil drippings cnder,
the burner rather than’éand asawdust or sweeping com-
pQund.. This makes it ‘easier to determlne whethec{:
leaks are lubrlcatrng or fuel oil, and 11 avoids ‘the
risk of loose materials belng sucked into the primary -
air intake. '

. po < 3
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_worth déing. ' 3 o

2. OPEN THE BURNER AND SCAN COMBUSTION CHAMBER to
/ ) j ~T
check for “earbon build~up (black dirt or black, caked

deposits). - . .

. LY

3. WIPE'THE ATOMIZER CUP with a_clean rag. Check for

-

" dirt and carbon. This is a double check since the cup
should havé b;en wipq@ the hight before. However, with 'f

the burner open, it -will také only a few seconds’ghd is’

. : Y SO MR B AU E O RS ETR R DG
S R e AT S et ot

F ""-:-’3-& RN

=

L, CHECK THE BURNER BELT. It should have some play -for

’,

smooth opeggtlon but.shouid not exceed a half inch.-

.
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5.

.t

-

e

MAKE ALL'NbRMAL SAFETY AND OPERATING CHECKS.

"Note: 'Do not turn on- éxhaust fans until the areas*

they serve are actually occuﬁied.

.
[3

. -

Do not turn on indi¥ect heating systems until actually

required. If the gymnésium‘is not going to. bé used

until 11 a.m., it is rot necessary to have it pre-""
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‘ﬁﬁﬁthese occur, shut ﬁhe‘burner down until the problem .

. A
heated at 8:45 a.m. _If possible, keep indirect
heating 'systems on. 100 percent.recirculation during

L3 .3 P . . . .
warm-up and minimum out-side air intake when ocqupied.
. ’

N\
t »

< »

L£Y
3

a
« g )

6. TURN THE BURNER ON. As the burner starts, be alert .

P

for unusual noises, vibrations or other signs of trouble. &’ N

. >
is located. This may, prevent serious damage. A

. — .
* . - - . .

Note:  Use the fewest number of boilqrélnecessary,to
maintain the requirea st§am pressure. [If the plant ~
contains boilers-of different capacity, fire the

sm%ller‘one whenever it will'carry the load.
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every°morning after: 1.
the boiler is hot '

"\

>

CHECK THE FLAME and refer to TABLE 1 for any

irregularities. The flame should:

- ® be a‘golden orange eolor

e fill the combusfidg chamber at high firing rate.

.

' The flame should not: ‘ |
- ® be pale ygllow ’ o .
', ® contain sparks -
" @ produce ‘'smoke in combustion - ’
® strike the sides, top or bottom of combusion.
chamber
e bounce off rear wall of combustion chamber
- ’
P
R

-l

Note: The flame may "lap" against rear wall of
combusion chamber; however, it should not strike °

it with any force. L

R é

s e




CHECK/ Hé STACK TEMPERATURE

\ . ’

Note: rThehigher the t’elxﬁperature, -the more heat
is gofing up the chimney and thé.less is being
aﬂso‘ ed by the boiler. iSt;o tempefature should
be atout 125° F. above bbileq%&aten&”témper&ture.

periodically - " 1. CHECK CONDENSATE RETURN TEMPERATURE Rlslr;g
during the day

/ mperatu:n/e at the return side of “the’ t*rap indicates

fqa ‘or mo/ .lea.klng steam traps in the system.

-
.
J

- B casd& THE FLAME.

P J 7 . A \ -* ‘ ¢
3. /'CHECK THE STACK TEMPERATURE. . (See above.)
| | . )
. N\

. .J
. .

I .
'wa CHECK -THE DRAFT’ GAUGE -

A .

i

. Note: The di'q.ft ghoﬁld)ange between 0.5" and
. D'B" depending on"the unit. Consult the burner

manufacturer's specifications for ,particular units,
L} .
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- .

5./ CHECK THE 0L TEMPERATURE IN THE TANK. * °

/
, o - - ,

* . h ) : dyggéz’ The temperature should be 110° - 120° F.
SRR - for No, 6 0il and should never exceed the flash' .
. _ poipt."bheck for f;ashmpoint‘of each patch on

. oil:dgliver§ slip. , . '

-K;.‘ - _ o . Ay

B 6.. CHECK OIL SUPPLY TEMPERATURE AT THE BURNER.®

~ . ) - ..

* DNote: Thé Yequired temperature varies with the 6il

. content; lowe*sulphur ‘content in No. 6 oil will

.permit lower oil temperature.. Find the optimum

ol ' temperature for each dbatch and check perlodlcally
to ﬁ&lntaln 1t

T. BE ALERT FOR UNUSUAL NOISES. See TABLE 1 for

~

N 1nterpretat10ns~

- ¢ ,

shutdoyn time ;B SHUT THE‘BUBNER quﬂ%fs eariy in the day.as possible.
!
o Note: The heat from Rfople and lights will keep & }
‘ bulldlng warm for some t1me The exact le h of
coasting time wlll vary considerably dependlng on
. thgﬂguilding skin, the outside temperature and the
N amount of air being introduced by the &enfilation
ystemA/End mus*t be worked out for eachkbuilding by
{ ‘ experimentation. (See sectlon on Schedullng )
. &
} | 2. SHUT DOWN ALL SYSTEMS WHICH BRING IN OUTS!DE AIR as
. ‘ear;y as possible. These include kltcﬁen and 1lab hoods

/\\' . and indirect air systems which are not on 100 percent

recirfulation:




. * -~
. . N . . 0
. % .
. ce D) 5%&\: . SO

after shutdown - When the combustlon chamber has had a chance to cool’
C (approxlmately 2 hours), opep the burner (Openlng
.. B the b%rner when the combu51on chamber 1s hot will ’
' cause a-sudden rush of cold .air which demage,the
N . X en rus :c air whic may : ge e
. refractory. ) ) K ‘ "

.
. ' .
. . » . o
PO . ’
- . .
N « ) . .
N * .
.

. 1. CHECK THE COMBUS40N CHAMBER fo% darboni

- . ’
L] ’ 2
- - A - r < N L]
+ v 3 13 . ¢
L4 '\‘ . v )
t kN ) . ‘. . ) ',“ - ) ~
’ * 7 N ORY AR BE RSP E ANV ]
N ¢
\
b -
2 ] ~ ‘
v . . . - »
M .7 4“/f2. WIPE THE CUP with a clean Trag. Check it for carbon,
¢ .dents, and 6ther 1rregular1t1es which may cause vibra- )
— tion or uneven 01l,dlstr1but10n. _DQ=not remove the cup
' ) . if the system is operating properly. Removal may result
B . ¢ J . .
' in damage or incayrect remounting of the cup.
— R . . e
. ~ - g : . . -
- ? N ' A
WEEKLY MAINTENANCE 1. CHECK AND CLEAN THE FUEL Olb STRAINERS. A seriously
- clogged strainer will cause poor oil delivery and as a
\' . v 0 result,-a poor flame which will show uwp in daily inspec-
N El . . N ‘
. . tions. If the amounts of sludge in the strainer increase,
[y Ve / - ’ . .
. R g N " M L d
l L4 . L}
N ) -

- - .

RIC -+, <l
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conpection for routine operatian. ‘This will keep
/L@f high suction afailable for-times when sludge or
water has collected at the bottom of the tank. High

suction should be, used only until the tank can be
£ * .

- cleaned.'
Co. . T T

° = " .
- & ": . , -
- * . 3 (o -
., .
° - . .
‘:E , N . N .’ | ’
N c . . = ~
* (make ?.rrang‘ements to*have the oil storage tank cleaned
b e the problem becomes serious. ‘
O \ Zh
-
&, “
. Y
. ' ;\% IS -
~ % ,\
:
) H
S
: 2 N
B R e T N
- [N . :
- 2
Y .
s - / ~
Ll . ' ' ’
. - N . . .
Note: Many New York City schools have high and low
= =
i suction fittings in fuel oil tanks. Use low suction ~
~ - «
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1.

3 . .
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AR 7
4+
» 2 BLOW DOWN THE BOILER Q_
» ’ ) p
; ‘
§ Clad I A IRAZN | R
3. TEST pH OF BOILER NATER Readlhgs should range

"betieém 10 and 12 to prevent acid corrosion. If read-

‘ing is under 10, add soda ash (sodium carbonate Na2003

For a description of the test, see'the

Menual of Procedures. ’ i S

>

to the water.

.k D

-
N

Note: The prc;cedure outllned is for New Yo& City
water which is extremely low in calcium content
(soft water). Where there is water with high calcium
content (hard water), water must be treated t&

remove calcium to prevent scale bulld—up on vater

l

side of tubes.

CHECK THE OXYGEN DEMAND (@D) of boiler water. This
tests for the presence of dissolved oxygen in the water /'
Add sodium sulfite

as required to maintain a minimum of 20 parts per million

which causes oxygen corrosion (rust). Dk

(ppm) of sodium sulfite, For descrlptlon of the test, see .

the Manual- oflProcedures.n,.
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.1. VACUUM THE FIRE TUBES . s |
. - - PN * . ‘
2
b 4 d .

Note: .

prevent air leaks.

draw

TAKE

LA

o

SISV

LSRR AR

E

Close access doors to fire tubes tightly to

Check the gaskets. Air leaks -

. around doors will reduce'qffect;ve draft and will .
¢

cold eir directly through tubes.

. ,

percent,

R

CO, READINGS. CO2 content should be about 12.

-A significant grop in €O,.reading indicates '




ST {ncomplefe combustion of, fﬁel %aﬁ%ed-by én inccrrept
S alr-01l mixture because of sllpplng damper llnkage or
T ; & problemxln oil supply system (stnalner, pump, meter-
, ' -/ ing device)., CQ test’ klts are avallable at the Borough
B ‘ SN o Supervxsor s Offlce of the Bureau Qf Qlani Operatlon
N . ) . 1o " : ’
Voo . 2. CHECK THE OPERATION OF DAMPERS. "Verify «fhat dampers

‘can mgve freely. to extreme positions. Remove all dirt

“amf.obstruétionéi‘°VeriTy that no vanes are bent or . -
,.,distbrteq. Lubricate axles. - L ~ ‘. !
¢ .. i v .:‘_ ‘ - o,

-

YFARLY MAINTENANGE 1. WASH -DOWN WATER SIDE AND VACUUM FIRE SIDE OF BOILER

. R N - « - >
v TUBES ) v .4’ ., ot ' ) . "’ . . ~

PR

. g ~ ¥ ] S
V . . e,

2. vmtpﬁh THE BREAGHING. °, ~

P ' -

2 3. CLEAN ALL FUEL OIL PASSAGES AND CHAMBERS in fuel Oll
. ' /e .
burner with so;vent . o ?

t“
- Ed
\ - . ) . ]

B, CHANGE LUBRICATING 1L - -in burner : -

. - ’ -
- g O T .
: : ) CRACKED OR LOQ§E BRJ£KS 1nocomhust10n chamber should

-

5.

s, ¥ °_
f}e repalred ‘or replaced L o ﬁ
6.

-

<«

tt ‘v
“ . . l'., . )
N M e . ) "
CHECK I SULATION on all hct alr ducts and steam supply

< plpes Where defeotaxe, 1b sipuld be’ replaced

o | ‘v;,;f-a’ R
- . © 7. CHECK AIR VAELES& & e
X i ) . \IUﬁ%.n S . ’ s
. ! . .5 ¥ . v e . -a
, " 8. CLEAN AND CHECK VACUUM TRAPS _AND_THER OSTATICAL Yoo
, T CONTROLLED STEAM VALVES' AT RAGIATORS. . 1 " .
, . ° o a T ‘ “’f
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BUILDING
+  MAINTENANCE
- - ! (‘ v ~
,&.’\“‘*ﬂ' s. -
T . N
e o N k.

* EXTERIOR DOOR

-

>

~

.

v

Fl Q
9. CHECK DAMPER OPERATING 6ONTROLS. ‘These include !
chains' motors, gears and linkéges: Make sure &hat

damper pos1t10ns are adJusted correetly by s1gnals glven._

®
)

* 10, CHECK BACK DRAFT DAMPERS in exhaust fan ductwork.
They should close-tightlé when fans aré not, operating.

3
bd -

11.'\tggCK FAN DRIVE BELTS.

.
.

) .
CHECK THERMOSTATS.

.

2, . . N
2 '( ’/ <
. 13. CLEAN OR REPLACE ALL FILTERS. -~ .

14, CLEAN GRILLES ANb REGISTERS AND LOUVERS.- Do not

change settings after they have beén'qdjusteaf
5 .

3 /’

y t
e ¢

In order to keep heat in the bUJldlqg, watch for poss1ble
sources of air leaks. Check all seels (at doors ;hd

wlndows) frequenﬂly.‘ Include the following operations

s

in the maintenance routines. .

Although care of

>

~

Note: .

efrigerator and freezer

your attention is ‘called to them because defectlve

ht

gaskets is not @echnlcabgy part of building mainténance, '

gaskets can greatly 1ncrease the use of electric energy.

Check them perlodlcally and repl when required.

.
v

-

1. CHECK OPERATION PERJODICALLY (both sets where there

jare vestibﬁlés) They ‘'should not remain open and cause

unnecessafy heat loss durlng heating season.

KN

/
.

& . . . :
2. CHECK GASKETS AND WEATHE&STRIPPING once a year and

zjepls.ce as needed.

" »a

olo
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- : . e o ) | \ sy
' © 3¢ SET DOOR CLOSERS (checks) so tﬂht they close as rapldly i
U « as possible without creat‘lng a safety problem. ‘
’ W * . r
WINDOWS - , \' 1. CHECK SASH for proper closing onte a year. ~
. . é. CHECK GASKETS AND WEATHERSTRIPPING once a year and
’ replace as needed. ' ) . . . . oL 3
, , . . ‘v : oY

- A B R . .

X , 3. REPLACE BROKEN GLASS IMMEDIATELY. - « .= =, =

. " . ]
- ) CAULKING ° : 1. CHECK FOR DRIED OR MISSING CAULKING once a year and Pt
& »
o) ¢ .
replace as requ;red ¢ .
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o

thil recehtly, as long as energy was cheap and plenti-
ful, ventilation and ligﬁfing systems were designed to
ﬁrbduce.levels to satféfy the worst cdndition and mgst

demanding requirements at all times. -

[ .

Quantitigs qQf 'air in ventilation systems ére based on
requirements for cooling during theesprggé, summér and
fall, rather than on the amount of air necessary for
body metabolism. This reéults in the introdqction of
excess air during Ehe heating season3 which must be
heated to room temperature. This excess heating load

requires’the burning of large quantities of bil and

coal.’ C A

0. Y

<

El '

Lighting systems in classrooms are designed to accommodate

at all times the most demandfhglvisual tasks. such as

sewing or fine drafting even though the ac%ivities which
normally occur inuihese,classrooms - lectures, discusgions,
reading, and Qriting -,réquire less thaq ﬁalf that quantity~

of light.
) ) R ,

-

The‘rapidly increaiiﬁg Price, and decreasing availability
of,enéégy has> made it necessary to review the basic
standards for services provided by energy conéuming
systems, This sectioh describes and discusses a 'revised
set Of standards’, based on extenéivelreseérch cafried out

by -the American Society of Heating, Refrigerating and

~

Air-Conditioning Engineers, the National Byreau of Standards,
the John B. Pierce Foundation, ﬁﬁgzagz;;;;?ty ot Minnesota,

and independent research groups. The section-'also includes
ot v

some discq?sion of methods of* determining existing con- 3}

. ’ditions and qf modifying them to conform tb the ‘standards.

. ] 5

st - 17




VENTILATION

' STANDARDS = °°

> .‘ , < © ’ ) M -A

[~

-here bas Bgén kept to a minimum.

;tl s‘bﬁ these procedures, see:the Appendix.

Slnce these modlflcatlons are’ generally outs1de the
scope of a custodlan s respbnsibility, thelr discussion
For complete instruc-
- AY

Yo oot - —_

The standard for heatlng 1evels to be used for all occupied
spaces is 68 F. Unoccupied spaces may be kept at 50 F.
Since thé level of heat is maintasined by fhermostatlc
cdntrol, it is important to Keep thermostats et at the .
standg;d temperatures and to meake certalg\xhat_they gfe‘

operatlng\properly - © 3

occupiéd T o

space - : - space - R

. unoceUpied
&,
- .

Ventilation systems inh recently bullt school bulldlngs.

are
minute (CFM) for each classroom occupant ggg\gﬂ to 50 N

CFM for‘sach occupant,ln spec1al areas such as gymnasiums, '

ed to prov1de a mlﬂﬁmum Qf 15 cubic feet per ‘?A

audltorlumg'ana cafeterias. When operated accordlng to. )

" these désign criteria, ventilation accounts for’twé—thirds

the heating load of a building.
)




’ g . ~ i d : Note' In w1nter, all incoming outside a1ramust be -
| - heated and an equal amount»of inside air, whlch has .

already been heated, must be exhausted (with.its

embodied heat) to make~room for the new outside air:

Where only mechanical exhaaat is provided (the tyﬁical

setup in most school classrooms which have wihdow

) ) supply and mechanical exhaust) the amount of outside &\\——

. . air entering the bulldlﬁg*through openings or 1Q‘§1—

tration is the same as that.being exhausted even

-

. though there is no mechanicalhsupply.-

\ ' ) - . o, | - o
Q e . . {’ ' Py . .
E MC o> \K ﬂ_ «:4.,,. - : Z ' ) -
Emmmme, UF# - . TR ‘ -
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., L. Y
In order to minimizé the heating load and increase energy

efficiencx, the amount of outside air taken in and the
,»corresponding amount of heated air'egﬁéusted should be
decreased tp be no more than that which.is required foud
health and‘gbhfort? This amodnt, aécording'unthe research
cited in the introduction to this section, is 10 CFM per
oécupant ahd shall be considered the standard for ventlla-
tion of all areas except where there is intense physical
agtivity, heavy smoking, the production of noxious fumes,
wor where the system is being used for cooling. The

’

exceptions and their applicable'standards-are the following:

1. gxmnaggums. The ventilation should provide 15 CFM per

occupant actugily involved in sports or other strenuous

activities. In cases vwhere there aré spectators in the’

gymnasium, the ‘15 CFM applies only to the actual partici-

pants whilé the spectators shall each be provided with 10
. - '7"

~

CFM of outside air:

2. Shops where noxious fumes are pro&uced. _Operate the ;

veﬂiilat?on systems as originally designed.




DETERMINATYON AND
EVALUATION OF
EXISTING VENTILA-
TION RATES

MODIFICATIONS

7

( - - . . v
3. Science classrooms with fume hoods. The exhaust,

sygtem shall be operated at the orlglnal des1gn rate

ewhen required. It should be stressed ihqxever, that
fume' hood systems exhaust very large quantltles of air
and should not be run except when actually ip use.

4. Kitchen hoods. These should be run at the rates

designed.- Hewever, thése, too, should be run only when
- actually required. (Note: Filters in hoods should be
cleaned regularly to minimize enerdy used in operation of |
- fans.) . .
5. Toilet rooms. The exhaust.systems should‘be run as

 designed. . K

. .
-
El

Operation of ventilation systems should be modtfied to
provide’ no more than these standards (under the direction
of .Engineering); supply'andfexhaust fans should be\run .
only when required to meet the standards (by the custodian).
. 0 2
k\\\Iie:‘ore considering modifications, it is necessary td‘fi?d
the actual amount of outside air which is introduced into
each space under existing conditions and then to compare
‘these amounts with the standards“listed above: Instruc-

tions to do this can be found in the Appendix on p; a/st-4s.

.

A}

UModificatien of ventilation systems is generally not part
"6f a custodian's respégiibilityJ It is important however,
for energy conservatlon to be aware of the methods which

can be used to reduce ex1st1ng ventilation rates. They
are as follows: '

.

1. Increasing the amount of air recirculated. This is

poss1ble in systems in which heated air is supplled

ymechanl‘cally and exhaust air is returned mechanlcally. In
. g st - 21

4 . | 2 ’9 “

.
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. ‘ \most.of such systep!s a portion of‘the retur.n (exhaust) air ;
is mixed with outside air and rec.ircﬁlated, and only the |
1-emai'nd'ar of lr‘e“a),'rn air is exhq’usted from tfle builfiing.
In schdols_ this type of system i$sgenerally used o'nl'y in

1 gymnasiums, a.ua'itori'gms, and cafeterias. . -

. . , .

& . - « , N . N
- - . ' .

N ¢ .

2. '\:Staggerin&the'. use of the fans. This can be dope in

systems in which air is supplied rién—mechanicaily (through
o PR ;‘wim‘iow’s and by infiltration)’, and the exhaust air is N

. . ' returned mechanically (thrugh a duct syst © The exhaust

rate can be reduced by running the fans‘ﬂ‘fé/ 6nly Qart .'of‘

the time 5 space is occupied. For example, if, instéad-of

2

~ [

R i ' e N ' /

- . v . /

\ - letting the exhaust #in for 60 minutes, it is run for Lo .

n;imi‘tes and shut off .for 20 minutes. The.amount o%‘ air
- . R exha‘\isted is .theréby reduced by one-third, and -correspongd-
! * ingly, the amount ta.ken‘in is a.ls\o I’éduced,by one-third.

. : ‘ This staggering%aﬁ be dene manﬁa;lly, which has the dis-

v . RN . .
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_ LIGHTING

STANDARDS

-

.

n

’

advantage of réquiring'contfbﬂeﬂs attention (for which

manpower may not be available), or electrically by an

automatic timer which can be installed in the system.

——

i. Changing the drive ratio, that is, the ratio of the
0

tor pulley to the fan puiley.

mechanical exhaust._‘ 4

t10n\1s 1ncluded in the Appendlx.

N
Al

This method is also
LI *

.0 ’
applicable in systems where: there is window supply and

- .

~—

Further discussion of these methods and their 1mplementéf\

J

of the s tandégrds relating to environmental conditlons

o those/pertalnlng to llghtlng are

the least eﬂact and

the most subjective. Outdoors the eye must frequently

switch from objects wh1ch are illuminated to several

thousand footcandles in direct sunllght to those at -

several hundred footcandles in the shade of a tree or

a wall.- Inside a room with a north-facing window (no

direct sunlight) light levels frequently range from#é

three or four hundred footcandles to less)thaﬁ five -
!

footcandles Until recently, it

was assumed that the

1deal working env1ronment was one of uniform illumina-

1

tion. Recent research however

has indicated that the

reye, like every other part of the body," requlres & certain

amount of exercise for comfort and well being.

“
:

Two 1mportant facts must be remembered in considering

revised standards for lighting 1n the school classrooms.

The ¥irst is that the-proposed levels wall have absolutely

no negatlve impact on ocular health (see Appendlx . a/st 51 )

2N

~

&




The second is that-the lower llght levels proposed w1ll
have no significant negative impact on the ability to

. carry out any visual task associated with normal classi !
€ LY room use. (Sée AppendixAp: a/st - 53.) ' '

~ 2 ’

' . It is important to remenber .that the standards, and modi-
’ flcatlons to achlere those standards,;oétllned 1n this
Sectlon do not - suggest anything which will in any way . N
Ve . interfere ylth the health, safety, or educational per- |
“""‘formance of‘tﬁose in thé school system. Implementin%
. ?ﬂ\ ‘. them provides the means to reduce the amount of scarce
. ’ educational do&lars which goes to the utility companies_ Q

and oil producers instead of education.

[y
- .

' In classroom areas; &<I(éht level of 30 footcandles 'is s

adequate for almost allvactivities which take place

there and satisfies all New York City agency reouirements.
- ' - ' Ligh%’%upplied at higher levels in these areas represents
an unnecessary use of electricity. -
In- service areas suci as corridors, toile% rooms utility.
rooms, etc., the lowest poss1ble light levels cons1stent
. with use and safety requlrements should be’ used Current
- ‘ stgndards for Federal office bulldlngs call erage
o . : ldght level of 10 footcaodles for corridors(fS;;?:\::f be

* used as the standard for those area$§ in which no demanding

‘ P visual .tesks are performed, Lo '
™~ . . - s . .
\ e .

[§ . ¥
~ 4 There are, however, certain tasks which require light .
» ° levels higher than 30 footcandles. ' In New York City
) . schools, these are primarily the tasks performed in shops,

sewing rooms, drafting rooms, and some art rooms. Even




ras

- a space

8]
e
-

1n thoée areas, the llghtlng requlrements may vary w1th1n

. It is n?Eén poss1ble to reduce the overall
llghtlng to 30 footcandles and maintain the light level )

at spec1f1c WorF tations by using existing overhead

,mounted above wogrk counters

\bf changing existi

}fais
ighting *
60fc

<
» Or by work lights mounted

’ éirectly on pieces of e&uipment such as drill presses

sewing machines, drafting tables, etc.
. rd

Rooms which rg-
quire & uniformly high level of light should be lighted

to a level of 60 to 70 footcandles: Any major program

f the Bureau of Plant Operations.’

iigﬁt levels should be .carried out
under the direction z

st - 25
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DETERMINATION The first step in‘ﬂglermining_whether-energy-saving
. . OF EXISTING ' l" 3 ducti ‘b de i . s s
: QIGHT LEVELS igh ing-reductions can be made is to find the ?x1st1n§

light levels in every space and record them on a set of

lighting pians. This can be done-either by taking actual
’ " readings using-a footcandle'metér or-by calculations. *
‘ \ <L x For instrucﬁions, see Appendix. @

Y.

< 4 .
< L d
—] ”
’ ’
'EVALUATIQN AND " The second step is to compare the existing light levels
MODIFICATION OF . > ) . .
EXTSTING LIGHT with the standards recommended abovea}n order to éeter—‘
LEVELS - mine whether or not modifications are indicated. Light
! levels which exceed the standards can be reduced by the
e methods listed below. Descriptions of these ﬁéthods,énd
Teoom L— instructions for their application are included in the
Appendix. ( SN
. A . .
+ s .o
; . ’ Note'A Except for the substitution of lamps of lower
” : wattage than those exlstlng, these operatlons are

.generally not within the scope of the custodian's

responsibilities and can be implemented througﬁ'the

y *  Bureau of Plant Operations.

-




. b
. incangdescent

-

v

Light levels from 1ncandeécent ﬂ;ilures can be reduced

either by replac1ng exlstlng lamps w1th lower~wattage ' N
lamds or by reducing the humber of flxtures or lamps .
in operation by the remoyal of lamps. ’ CogRL L
4\ .
- Reduction of light 1nten51ty where’ fluorescent flxtures‘ .

are used can be accompllshed by using lower wattage

lamps, deactlvatlng some of thebﬁiftures, or reduc1ng

N

the number of lamps per. fixture..

.\

-t

€
L}

Note: In delamping, whenever one lamp_ served b& a
ballast is removed, all lamps served by that ballast

must be removed .in order to prevent. the ballast-from

burning out..
AN . . .
' RS ¢ ' ‘ﬁ -

' The diagrams on page st-28 illustrabes typical lighting ~

patterys and how they can be qedified tdo result in' lower
light_output. o, ‘ 3 , .
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*‘TYPICAL DELAMPING PATTERNS 0 ACHIEVE 30 FQOTCANbLES

rooms with 30 four-foot tubes

H
_

existing: 50 footcandles . - existing: 60 footcandles
delamp: 12 tubes ‘ delgmp:x 1N tubes

"

rooms with 36 four-foot tubes

/

¥

%zz—_% .‘ -‘“\
%;“—f Q

=== = ==

- .
3

— ’ -
existing: 50 footcandles . existing? 60 footcandles
delamp: 1k tubes = . A delamp: 18 tubes

i / ) i . s
rooms with 18 eight-foot tubes -

Note: These diagrams iqdichte .

~ ¢

an apprpaéh to, and possible -

patterns for, delamping.

J

existing: 50 footcandles
/ﬂelamp:. 6 tubes




4

®
r
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A program of energy conservation related to llghtlng

N

can be summarlzed as follows:
Y

« -

1. Determine whether existing light levels are too high.

~
¢

2. In incandescpnt installations, reduce GXQessivelf
.high 11ght levels by reduc1ng the wattage of lamps in-

stalled. N |
: A~

. 3. In fluorescent'installations, reduce excessively high

'light levels either by using 35-watt lamps in place of
Lo-watt lamps where available and applicable, or by one
of the delamping methods.

- .e.

y.° Where, the requirements for light wlthin a space vary.
due to f1xed»equ1pment utlllze a delamping program to
reduce light levells except 1n the specf¥1c areas which

require higher levels.

- .




HEATING

energy ¢onservation.

ot

The preceding sectlons have described plant operatlng
techniques necessary -for optlmum~performance from :

energy-using equipment, have set m1n1mum standardiv -
for equipment output required for the healtglgpd ‘5\\\\\<\\
comfort of the occupants, and have desorlbed methods

of modlfylng the ex1st1ng equlpment so that its out-

put does not exceed these standards. This section

deals with -methods of scheduling and “controlling the

" use of the equipment to providé services only when the

spaces are occupied-and only to the extent reqﬁired by

physical éonditions and types of activity. The imple-

mentation of these methods will further contribute to

Tox

" \This requires %

advantage ¢f afternoon "coasting.
at the standard

timing the firing of the boi
F.

operating %emperature (68°
time that the building i5 occup¥ed, and)the shutting

down so that the temperature is maintained only so long ,

-

as the building is occupied. 1’/7
Note: Firing the boiler 20 minutes earlier than ’

necessary in the morning and shutting it down 30
minutes later than hecessary in the afternoon results
in a lO percent increase in the ba31c 8~hour heatlng

» [

day. \ .
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I~

~
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@

Scheduling also involves minimiéidg the number of heat-

ing_zones ‘occupied and heated in sthools where the

A .
heat dist;ibution systems are laid out according to

heating zones. In thoseysystems, the supply of heaf to

each.zone is gdverned by a centrally located steam main

valve which cam be turned off when that zone is not

. occypied. For times when the building is part;’ially

occupied (éften school hours), a program should be

developed ‘which concentrates activities according to
13

teating zones and limits occupancy to .as few zones as

possible.

startup shutdown

g | %

LS . S
SO .- e
70 _.:t . //-\.\._‘/'\.\{/N.,% A '. -
60 ~ inside temp_ - ;-_.:ﬁ
N | A . -
40 h?f;'. | g :%

B | e
20E ., o x .,
of a

s, ~ B i -
0 - g 2 " ! < "
6 7 8 9,001 121 2 345 67
: || schoolinuse
K :

s

-

\
7

At times when thé building is not occupied, standard
procedure in New York City scpools is toshut. down
the heatihé plant. ~ It may be necessary, however, to

provide short intervgis of heating to prevent';reezing

_of pipes during’extended shup-dowﬁs in cold weath

er
. / v

o~
- . . .
y

L

3
o




DETERMINE
START-UP TIME -

‘ g -

i3

DETERMINE
SHUT-DOWN TIME _

‘
VENTILATION

EXHAUST SYSTEMS

{

¥

A 3

The optimum'start—up time\is dependent on the outside.
temperature and the 1ns1de temperature before the heat.

is turned.on. )

.
f
> < N
°

-~

Egte; If the building has become colder ‘ an ’
usual beeause of particularly low nigh%f?ii
temperatures, it will taKe lonée; to heat than ;t
would under.normab'co‘ itions for the same out—
side mornipg temperature. See theMAppendix.‘ b
T o RN .

for instructions to determine these times. '
The optimum shut—doﬁﬁgtgmperature is dependent on the, .
outside temperature. The amount of coasting time T
poss1ble decreases as the outs1de temperature decrea§es
See 1nstruct10ns in the Appendlx for procedures

to determlne the best shut down tlmii‘jfzhjj:;é£%:‘ .
temperatures- o . - .

*
[}

«\( L

It is important tofdetermine shut-down. °

.D
Note:

times based on occupied spaces in an occupied s -

building. (As mentloned in the section.on Plant

- Operation, occupants and ;1ghts maké a s1zeable

contrlbutlon‘to the heat in a room, and an empty

room cools down faster than one whlch is occup1ed;)
‘Scheduling with regard’%o\ventilation systems geans

- . N N
considering outsfde'tenlperature and the use and nen-

use of spaces in the determinatlon of perlods of opera— 2

. tion off the systems

) . . !
. .
s

In thos& areas where air is'supplied by 1nf11trat10n and -

. 1#’exhausted mechanlcally (exhaust systems) the use o?r

‘. - _c

)

23




XY

INDIRECT AIR
HEATING SYSTEMS

L 4

indirectkﬁith

separate exhaust

-

exhaust fans should Ve 11m1ted ‘to times when the bulldlng '
is occupied, tlmes when the spaces served are occupled

and when the requlred heat lévels have been reached.
' - -~ .

To dg this, first identify the spaces served by each
exhaust fan (exhaust zones) and then develop a program
for the use of the fais accordlng to the use of the
With the codperation .of thé administration, a

spaces.

prqg#am can then be developed for times vhen the build-

; ing is only partially in use, which wifl concentrate :
activities in a single exhaust zone wheénever poss1ble

and otherwise in as few zones as poss1ble. In this way

the numbér of fans in use, and conseque%?ly theramount -

)

of energy spent, can be reduced. ) o

-
. . " - . .
See the Appendix for discussion of Procedures

4

P

L4 -
necessary to develop these programs. :

P ’ ’ eﬂ'\
. . . .
P -
“an-

Two types of systems ih whith air is heated, supplled L
and returned mechanically (1nd1rect.a1r heating systems) .

- are used in New York City schools. One uses a separate
system‘Eo;Lexhausting air, and tne other incorporates '
supply, return, and exhaust-in one system. Applicable

methods of scheduling for eff&cient energy use d{ffer
according to the system, hOWever the matchlng of, fans
and spaces served is necessary to develop a progranm for
the use of both systems. “The. procedures are similar to -
th?se discussed under exhaust systems and are descr1bed~’
~~in the Appendix. - ‘\ X . -

_ AN
vv" v ’

N
In areas which ake\served by an 1nd1rect air heating

system and separate exhaugt‘system, set the heating

e

Kl

.
- .
At , ! :'_
< . .
Y .
i N 4.»: » A . hd
R & R 3 e

-,




combined system
supply, return,
and exhaust

f

.

For example, a gymnasium is connected to locker rooms
with their own exhaust fans which draw air from%the
gymasium. If the gymnasium air system is set at 100
percent recirculation, the air drawn from the gym by
the locker room exhaust wild be made up of outside air
p;ovided by iﬁfiltration, ither Trom leakages at” the

gym windows or from other pards of the school. In such

& situation, the scbedﬁling of the gymnasiggiindirect
s

system is not crucial since\}t will~not re t in the

'unnecesséxy discharge of heated air %o the outdoors:

" The locker exhaust, héwever, must be controlled to run

only when the spaces are occupied. .

In areas where one system supplies outside and heated

Y

_air, 'returns air for recirculation, and exhausts air,

J ' A




B

:to avoid unnecessary dumping of heated air.

,,4* - ’
. . - " .
.. . , . & N g ’

i < (
\Y
the operation of the system mustlbe‘carefully controlled
To do f

[

\

)

<

.

this and thereby gserate most -efficiently, follow these
guidelines: L ’ s

e,

b

a

1. Adjust the fresh air dampers to permit a maximum

outside air intake of H)CFM'per occupant.

“

‘ . - a
2. Turn the system off when the space is not-occupied.

This will stop the dumplng of heated exhaust a1r as well
as curtailing the supply .of heat to the koom.

l
. ‘[ »
*

, | :
3. If possible, set the system for 100 percent recircula-

tion when.the space is not occypied and set it for an outzg * -
side,air intake of 10 CFM per ocdupand when the, space is

/ ”~
occupied. ’ ’

4
) . ‘ 3 ) .

L, n heat is required for an unoccupled space, use

the system set at 100 percent recirculation wherever

turn

poss1ble. Where the system does not permit this,

it on only untll the acceptable temperature is reached.

-




.
3

5. ‘At the times when the. boiler is' shut down for
-~ . coastlng“(such as afternoons), do not run the system ‘ i

unless it can be set for 100 percent recirculation. -

- -

LIGHTING A Operation of lighting in most areas in schools is <?\
not controlled by the custodian. Lightiag in the follow- ) :
ing areas, however, is in his controL and using the

‘methods qhtlined, he can limit the use of elegtricity

. in those agreas.

) - * . e -

- . .
#. , CORRIDOR - In'schoois where one circuit per¥}loor controls the
I;GHIING lights in the corridor, switch bff these liéhts when
the floor is unoccupied, °Where there aré two circuits
on a floor which control the corridor lights in a v
staggered pattern, use one circuit (approximately half
the llghtlng flxtures) for normal corridor illumination:
On the other c1rgu1t, delamp all except one or two
fixtures in each stretch of corridor, and use that circuit .
at those times when the building is not -occupied by
students. In this way you will provide suff1c1ent light ///
* L for safety and, securlty without providing the same amount \\\9
of light that would be required-when. the buildiBg is

. - N ' ’(ftlly oceupied. ' '

ote: Tga? practice is in keeping with general

procedures in effect since the "1973 energy crisis.

>

PERIMETEﬁ L In schools“where the rows of light fixtures' closest to

PIQHTING the w1ndows .are on c1rcu1ts separate from those which ,

' control the other fixtures in the roomg, these perlmeter

- .
.

. “’
K

© fixtures can be deactlvated ‘at the circuit breaker.

! When' this has been done, it is impossible to operate'

those lights from the room‘switches: Deactivate these

/\j ‘9 L 4 -
- * d ' .
s ” . ’ . _ ¥
T . : . . , SC - 37

N . - ‘ , , Leow
oo . 4{1- . AL S
- ' "
‘ R | ar ‘ - " A A -




circuit breakers whenever outside- cond £ions permlt'
YL\s."t.,to full sun)

and prevent the unnecéssary use of the perimeter lights.

(dayllght ranging from partially overca

To f30111tate the operation, make sure that the -switches
in each panel box wﬁ:ch control the perimeter-lights are
clearly identified. 4

turn off perimeter lights
on sunny days

-

“~




»
.
% o
. ] ‘
-/
. .
‘ ‘
S
.
‘
.
1
.
P
.
b N
- ‘
\ '
i
-
s
1
B
» X -
~ ¢ ‘
s
. .
- A d ¢ *
LT A st Yot
’\ A
L
) .
v M . d .
.
R
.
.

.
.
1 : '
- I '
.
‘ .
. 1Y
& ) l‘
. «
S .
' .
. . bt ’ .
. 1
1) * :
' ,
» g
- . ! g
. . ™
’
re » ‘e
.
appenaix ‘
A
A ’
‘ .
o . : 3 o
N . . . ¢
3 ’ ' i
) s
~
\
- - . . '
.
- ¢ -
. ‘ Pl
. .
* ¢ ’
LY ’ )
. .
- > ’
s - e '
h E
-tr ¥ ‘ 9
. 1
LY ’ . ) '
[} ’ ’
Y ‘ -
.
> ot !
-~ : )
.
. " )
‘ . -
-~
. .
- ) !
. .
.
) .
a ‘. )
. ’
. ‘
,
. . ' s
]
! » /. ’
. .
- - 1] . -
,
N t :
‘ .
.
, .
\ 1 -
*
»_’ . .
- 1) ’ ’ ' ’
’ .
X B
. -
.
—‘ '
- . lx
‘ .
Al‘ ’ ‘( ‘
, . Iy : L ’
. 3 Py AN

7




PSRN

L .
appendix
table of contents
plant operation . HEATING - {
' . TROUBLESHOOTING . ' ‘
TABLE ] - TROUBLESHOOTING CHART WITH REMEDIES
standards VENTILATION ’ .
MODIFICATIONS:. * . . . . .
LIGHTING
BACKGROUND. INFORMATION . .
'DETERMINATION OF LIGHT LEVELS .
METHODS OF<MODIFICATION . .
TABLE 2 - NET FLOOR AREA REQUIREMENTS
& PER OCCUPANT T .. ..
TABLE 3 - LIGHTING' FIXTURE TYPE SCHEDULE e
TABLE 4 - FOOTCANDLE LEVELS: INCANDESCENT
- . FIXTURES e e e e e
) TABLE 5 - FOOTCANDLE LEVELS: FLUORESCENT
" FIXTURES
TABLE 6 - DELAMPING SCHEDULE FOR FLUORESCENT
/ FIXTURESe . . . . . e e e .
scheduling 3 ;EAEING
DE INE START-UP TIME .
DETERMINE SHUT-DOWN TIME e e e e e
TABLE 7\K\DAILY RECORD: BoELER START-UP &
“SHYT-DOWN . . . )
TABLE 8 - LEAD TIMES ACCORDING TO TEMPERATURE~
BOILER START-UP .
N .TABLE 9 - LEAD TIMES ACCORDING TO TEMPERATURE:
BOILER" SHUT- DOWN e e .
ﬁ \‘\ ! ; ' Ve
* VENTELATION RN
EXHAUST SYSTEMS . . e e e e e e
. INDIRECT AIR SYSTEMS \ U °
. TABLE- 10 - ROOMS SERVED BY EXHAUST FANS
* EXHAUST ZONES . \ .
TABLE 11- ROOM USE SCHEDULENFOR EXHAUS®
B FAN NO. XX . . . ..
) TABLE 12- OPERATING SCHEDULE PQR EXHAUST FANS
- TABLE 13- ROOMS SERVED BY INDIRECT HEATING UNITS
‘TABLE 14 - ROOM USE SCHEDULE FOR NDIRECT HEATING
, UNIT NO. XX . -) .. R &
TABLE 15- OPERATING SCHEDUEE FOR INDIRECT HEATING
. UNITS . .7, e e e e e e e
3 \,/
Note" ‘Do not remove TABLES from the book.
¢ .Additional covies ‘may, be -requested from the-
: %- Bureau of Plant Operation,
? %

N
a/po - L1
a/po - 43
a/st - L5 N
a/st - 51
a/st - 5h4 ¢
a/st - 57
a/st » éO
a/st - 61
. a/st - 62
a/st - 65
a/st - 67
ra/sce- 69
a/se f 69
a/sc = T1 a
a/sc ~ T2
. /alsc - T2
a/sc - T3
a/sc - Th
alsc - 76 a
a/sc - T7
a/sc - 718.
a/sc - 79
a/sc 1~80
a/sc - 81
a - 39
2 7




appendix
plant operation

HEATING 4

TROUBLESHOOTING

, .

.

~

Using TABLE 1 ~ TROUBLESHOOTING CHART, find the appli- -
cable symptom in the cqlumn at the left, and readlng

‘ hor1zontal%§ to the right, at each point where a box

" has been pl ced, read vertically up to find each of fhe

problems which could he cause of the symptom. ‘ Where
more than one- probJem a\plles to a symg;om, thestlgate
for the presence of each until you have determined -the
cause of the symptom: The numbers in the boxes corre-

spend to the list of rembdles to the rlght of the chart.

!
A ., 1
|
H
, I
\
|
I

a/po - L1




TABLE 1
TROUBLESHOOTING
CHART WITH REMEDIES

SYMPTOMS

BrOBLEMS

~

fuel oil tank

1 sludge in
2 cold fuel

<

N

~oil t&hk

3 water in
system: air leaks:

5 o0il too c¢old
at burner
6 oil too hot

fuel- oil
‘I fuel oil suction

at burner
7 low pressure ‘in .

0il supply pump
8 metering valve:

oversupply of oil
low supply of oil

- ¥ metering valve:

|

10- clogpeed fuel oil

strainers
11 burner receiving

too little oil

17 7

1]

cao o bhald o

1

noisy oil bump:
thumping sound .

[
[

dirty fuel
0oil strainers

w

low pressure fuel
o0il discharge

T

12

carbon in
atomizer cup

whistle at
burner start:

squealfgg.pelts ‘
. ¢ N

vibration «
at burner

*

unsteady flame

“

11

AR\, A o

fem

12

pulsating®flame

bright yellow
flame

12

dark flame

smokey fire

-

sparks in flame

w *

hissing or frying
noise

impingement on
side walls

impingemént on

- rear wall |

17

carbon in com-
bustion chamber

18

draft pressure
too high" =~ .-

[

19

~

draft pressure
too low - '

20

stack temperature
too high

21

condensate return
temperature rise

-
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REMEDIES

1 Arrange for oil tank cleaning.

9. .

. L]

2 Arrange §o~have vater pumped from’
. o1l tank.

3 Heat fuel oil to temperature not to -
exceed flash point.

ﬁ“Adjustﬁfuel oil heater at burner.
5 Adjust métering device.

6 Adjust pump pressure.

T Adjus€ or repair relief valye.

8 Repair burner drive shaft. ’
9 Replace’ defective drive shaft bearings.
10 Adjust or replace fuel pump beltd.

11 Find 'source and stop air leakage ‘into
suction lines.

12 Clean strainers.

13 Replace all belts.

14 Clean atomizer cup.

15 Replace defective atomizer cup.

.16 Adjust atpmizer cup. A

17 Ajust nozzle for pronerly shaped flre.
lq Ad¥ust-air damper.-

19 Meke sure-doors are tlghtlv closed;
check gaskets and arrange to have them
replated if required.

20 Clean' boiler tubes- : )

21 Isolate trap and make repairs. .




appendix’

standards’

VENTILATION

, MODIFICATIO&§ '
-7 i

~

find existing

ventilation rates

1}

-

Before maklng mod1f1catlons f1nd the actual amount of

i

outside air under. ex1st1ng condltlons whlch is intro-

d:;gg into each space in cubic feet per -minute per occu-
pant

plans.

and record the amounts on a setsof ventilation

Instructions to do this follow. . -

1 . .
LY
£

1. Determine the number of occupants. Find.the area

of the room. For classrooms divide the area by 20 SF
per .occupant “to find the nuiber of ocrupants accord-

»1ng td the New York Clty Code. For square foot allow-

ances for other occupanc1es, see Table 2. : b

2. Determine the total amount of air (in cfm) being
supglied and exhausted from the space.

Using the .
+original heating and\ventiiating draﬁinés, total the
small- numbers near the arrows at the supply grilles.
‘ These
numbe/g.lndlcate the cfm of air being supplled and’
exhaysted through those grilles. ¢ See the plan on
page a/st - LT.

and separately those at the return grilles

&
Where a room is provided with both mechanical

supply and exhaust, total amounts supplied and

Note:

exhausted,separately and use only the larger of the

two amounts for the calculatlons )

’

3. D1v1de the amount of air supplled or exhausted
determlned in Step 2‘by the total number of occupants

to find the cubic feet per mlnute of outs1de aix per

mlnute of outside a1r4per occupAnt

< g . _a/st?-?hs

o

4
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v ——

L. Example ~using Classroom 325 on paéé a/st - L7,

A
® The plan indicates the space has 37 occupants.

: » . e Using the numbers at the arrows pointing into the
o , - grilles (140, 140), and 280), a total of 560 cfm is
B being exhausted from the room. ’

-

3

p‘ 5606 £m divided by 37 occupants means that the

1

. existing ventilation rate .is iS cfm per occupant. .

® Evaluyation: The revised standaré'was set at 10
- cfm per occupant.  The existing rate is therefore
higher than reqhired and should be modified.

’

methods of 1. Increasing the amount of air recirculated.

%Sdificatiod v i
5 . v . o' Where provided, set dampers for the lowest ‘
Lg . possible air intake. ‘ . B N
. N : .
X
| ' ) }f there is a rec1rculat10n\grossover and no
damgpers have been provided,’ 1nstall a ‘baffle at the
. - fresh air intake to reduce the amount of‘lnqemlng air. .
) Make up the baffle cut of fireproof sheet material =
such as light guage stéel. ’ s 7
e N
' 2. Automatic‘staggéfing of fans. Installation of
) . automatlc timers to carry out the sequenclng of the
- . . ) operatlon of fans as described on page st - 22 .may be feasibile
i ) in schools wh}cb have very'large exhaust fans or numerous.
.t - small fans controlled froﬁ,a single elegtr§6 panel box, .
s N . Aﬁ anaiysi; of the é&stem should be made through the
Bureaﬁ‘of PlathOperétions to dgtermine,whethef the ' .
' . "., [ ‘
. . . .h- C ‘ -
[7e 0 elst-we® -t T~
. % '
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>

potentigl ‘savings from the installatioﬁ‘of such a

sys%em are sufficiently,largeﬁfo warrant the cost.

- —
”

3. Modifying the drive ratio by changint pulley sizes.

-

% For non-adjustable pulleys, replagg an existing

motor pulley with a smaller one, and an existing fan

pulley with a yarger one to reduce the fan speed. (

® For adjustable pulleys located on the motor side,

decrease the effective size of the pul%gyvto reduce

the fan speed.

belt position
large diameter

¢

belt position
ya small giametef—_w

Y

A 4




-

e .For adjustable pulleys located on the fan
' Co side, increase the effective size of the pulley

. / +" to reduce the fan speed.

-~ N

-
Pl

- ’ , M . ‘
procedure to 1. Find the required reduced air quantity factor by ’
, determine ° dividing the desired ventilation rat (10 ct
modificdtions g . ion rate cim per
‘ . occupant) by the existing ventilation rate (15 cfm
per occupant). For the example above, this is 0.67.
X
. - ' iy
. Note: When fans are operated at less than 0.4
’ ’ . of their design speeds, their performanéé.becomes )

erratic. Therefore, the smallest reducéd’air
qua&ty factor should be’0.k0.

L4 . A

F: 4 . * ~2. Determine existing motor;pullexﬁto fan pulley ratio

. (drlge ratlo) by dividing the motor pulley diameter by
. the fan pulley diameter. If the motor pulley has a
Y-inch diameter and the fan pulley hag an 8-inéh dliggter,
‘the drive ratio,is 4 inches divided by 8 inches or 0
Anothezgxﬁy of determining the pulley ratio is to ﬁake
: . . marks on the outer edges to the motor and fan pulleys.
A . '>\ Move the belt by hand and count the ndmber of revolu-
tions.made by the motor_éulIey for each complete revolu-
— on ofwthe fan pulley.‘ The pulley ratio will be one
- /?ian pulley revolution) divided by the number of motor .

S ¥ ’
T e . -

" . - pulley revolutions. ) : . .
¢ W) -t .
- . D ’ v < : -
’ . - o ~ . ~ . - he %
‘{ For \the example in -Step 2, it will be found that the
“ ’ o motor)| pulley makea two revolufions, for ohe revolution

of -the fan pulley, and therefore the pulley ratlo is
. ) ] l drv1ded by 2 or 0.5. )

-

..




- k4
P .
‘ ©
J
- e
- ) ) , . .
3. Determine the desired pulley ratfb using the
b following forpﬁla: v
. ° e \‘
. ‘ ' . present . &lr flov _ reviled
. pulley ratio reduction pulley ratio
L4 . ] / ~
w4 In the example above, since thelexisting pulléy ratio
) . is 0.5 and the reduced air quantity factor is 0.67,
4 .
< the formula is:
.. > )
. I
0.5 x 0.67 = rTvised pulley ratio = 0.335.
- 4. Determine the;ghanges‘to_be made.bf one of the:
following methods: , A‘ o .
N, T . N
e To modify the motor pulléy, find)the required
diameter by _mul&iplyidg the fan pulley diameter by
the revised pulley ratio. ) -
) .
. In the-examplelgbove, since the existing fan pulley .
diameter is 8 inches gnd thg\revised pulley ratio is -
* 0.335, the formula is
J R ]
) . o Cam _ révised motor " "
8" x %.335 pulley dismeter 2.68" say 2 5/8
4 e To modify the fan pulley; find the required .
’ . ~ diameter by diyidi‘g the existing motor pulley
At bl
; diameter by the revised pulley ratio. .

~ . . . ‘ o o
» : In the example above, s&pce the "existing mator pulley
. diameter is 4 inches aﬁd&thé revised pulley ratio is ¢

~ . i -
o . - |




Y
2

. : _ | - N . . ‘
* " 0.335, th®d formula is:
revised fan

-— 13
"pulley diameter 10.9

.7 "+ 0.335 =

'?

£ . -

. - . e To médify adjustable pulleys, either Treduce the

sizé of tbe motor bulley or increase the sige of the

‘ fan pulley. Then make marks on the outer edges of

coupt the number of revolutions made by the gotor

pulley fbr each complete revolution of,the fan pull

[N

-, . . Compare the actual new pulley ratio to desired pulley
ratio using the formasa:

s

rd

) . - 1 - number of motor . Dnew actual .
’ ) ) " pulley revolutions pulley ratio «

AN

. - . ’ \
If ;he new actual pulley ratio is greater than the -

. d€sired new pulley ratio, continpe to decrease the . s

4

&
size of the motor pdiiey or increase the size of the

. ,}fan pulle&. If th actua; new pulley ratio is less
" than the desired new pulléyﬂratio, vartially increase”
the size’of the mofor.pulley or decrease the size of ' i -/
the fan pulley. Repeaﬂ this process uﬁtil the desired e
- ratio is achieved or until the paximum limits of ¥
- /

.
‘ >
.
.

— . BACKG : - - X

adjhstment havg been reached.

LIGHTING

INFORMATION ) . ) '
relationship of Dr. D. G. Cogan of the National Institute of Health

* illumination levels . . T . :
to acular health hdas said the following: Illumlnatlngﬁfnglneers have

v ) .- . ‘ K:\ a/st - 51. , -+
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believed the more llght the better

.But, more to

the point, they have repeatedly 1mp11ed that low -

illumination, or what for their purposes is better

called 'inadequate lighting,' is harmful to the eyes.
Ophthamologists have rarely taken the trouble to
express their beliefs in print., but n'evex;t'hele'ss° have
been privately convinced that the health claims have .
little foundation. To wit, the diseases supposedly
caused by low illumination shave not found-thelr way

nl !

into the ophthamologlsts nosology.

In h1s paper, Extrapolation of Visual Phys1ology and

\Pathology Findings to Des1ggﬁof -Lighting Systems,
Dr. Robert D. Reinecke of the Department of Ophthamology,

~~ Albany Medical College, cites only one case in which

low light levels are kn&%n_to create lasting ocular
aamage.‘ This is the syndrome known as
(Nystagmus is an uncontrollable back-and-forth motion
of thé eyes.) Prlor to the turn of the century, it was
foupd“that after about 25 years of wog}ig%;i?‘pogrly
1lit mines, a number of miners developed hystagmus.
By raising the average light levels in the mines to’
. one one~hundredth of a footcandle, the pxobleT/Qas
A light level of 15 footcamdtes”is 1,500

times'greater than that required to prevent this one
2 .

eliminated.

known disease, induced by low light.

a

< -

Cogan, D. G. "Lighting alth Hazards,": Areh.

" Ophthal., Vol 79, January, 1968.

~
r .

2Relnecke, R. P., "Extrapolatlon of.Visual Phys1ology
and Pathology Findings to Design of Lighting. Systems,"
Federal Energy Admin. Symposlpm, '29-30 October 1975,

) Washlngton, DC.

"miner's nystagmus."

>
v

qf
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relationsh%p of Over a 32-year period, Professor Miles A. Tinker of -
illumination levels' ’ '

to learning . , the University 'ef Minnesota conducted extensive .

research on -the effects of llght levels on reading.
Hls conclusions are found in the book Bases for
Effectlve Reading. A geries of tests were conducted
to rdfite readlng speed to light levels of 0.1, 0.7,
3. l -10.3, .17. h,‘and 53.3 footcandles. 1In tests where

subJects were glven two mlnutes of adaptatloﬁi rates
of reading were the same for 10. 3, 17.k, and 53 3
footcandles and cons1derably lower for 3. 1, 0.7, and
0.1 foctcéﬁddes. . With 15 minutes of adaptation, only
‘the light lecels of 0.1, and 0.7 footcandles produced
a significant rétardation-in speed. For 3.1 foot- ;
candles,and above, sﬁeed and accuracy of reading re-

" mained vi}tuslly unchsnged' Regardlng the question

- Of reader preference Tlnker reports the following
results of tests on lhh university siudents. , At one ™
lab session, subjects edapted 15 minutes' to 8'?;3%—

.candles, 4t another to 52 footcandles. When adapted

to 8 footcandles, subje%ts tended to choose 8 foot-

. candles as most comfortable wvhen adapted to 52 foot-
candles, they chose 52 footcandles most often.
"Apparently, by picking an _ intensity and/adaptlng the
readey to it, one can obtain preference for that in-
tensity...If the investigator is interested in'promoting
use of llghts bf hlgh 1ntens1ty, the method of preferences

will support it. "3 /e

~ ¢

v

\

Tinker, M. A., Bases for Effective Reading,
‘University of Minnesota Press, 1965.

f ) ‘
. .
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savings potentiaij A typical fluorescent lighted classroom cdntains
through delamping ) ] ) >
program approximately 1,500 to 1,800 watts for the lighting.

|
|
\
- ¢ ' If an average of 500 watts per classroom can be ‘
eliminafsa, and if‘tﬁose lights would ordinarily be
used for 1,500 hours a year "including after school
- . and cleaning activities, savidés of 750 kwhrs pey
. l year pef classroom Qould be made. Thergyare approxi} - . ‘
' T \\ mately 30,000 classrooms in the New York City school ’

™ o . . system. If this average 750 kwh/yr saving were made

. N in éach, it would produce overall savings §f 22,500,000
v ' ) kwh/yr, which at the'p;esent cost of electricity, would

result in a cos£ saving of over 1.3 million dollars.

In d%hqr terms, since most e;gctricity de}ivered to
|

> New York results frénrthe butning of oil, this program

. - could save almost 2 million gallons of oil Rer-year

.

at the electrical generators'.

. . . : . 2
. .

P . » h

) ’ . - L
. DETERMINATION OF . . . .
LIGHT LEVELS . , , T _ _ .
direct readings This method is 'simpler, more reliable, and, therefore,
t. preferable to calculations. Meters_?'y be borrowed
) from the Borough Supervisor's Officelof the Bureau of '

- . -.Plant Operation. . -\\\\\\ N
' ? .
) y e . N— . \

> L 1. Take readings in four locations in each roomtunder -

5

the most demanding conditiong to be met. If a room is S

used at night (when there is no contributing daylight), :,

: take the readings at night.or with "blackout" shades

[y

. A ) . ’ ‘
> ! ’ -

Note: * Lower room light‘levelé will seem more

N ’  drawn. . .

acceptable visually at night when there is no ,

-contraép with higher light levels outside. . ) A

H
/




. 2. Note all readings on the plans.

P

4

- calculations If the direct reading method is impractical, find"
the approx1mate light- 1evels by calculatlons based
o . oh the size of the room, the number and type of
. , light fixtures, and the room finishes. Find the llght
.- - level for each'room using the igstructions which follow

L]

. . ] *and record them on the plans for reference.

~ . 1. Find the number of watts per square foot.

- - N —
,

e <Calctlate the area of the room. . —

e Find the total number of watts. .
2 a. If all the lamps have the same wattage,

, ﬁt%g/\\\x multlply the total number of bulbs by the /// o

number of watts per bulb.

A . If the lamps used have different wattages,
’e -
q bj;ii the wattage of all the lamps/ -
’ [ N *
\ L

® Divide the total number of watis by the area
N .
of. the room to determine the watts per square foot.

) ' } .o . : ’ ) : '
. 2. Find the light level using TABLE 2 for incandescent

and TABLE 3 for fluorescent fixtures. 7
. : ' o Cy d
./’-. . "t{u S *
j o Find yoyr figure for watts per.souare foot.
. , ® Determine whether your room finish.is light,
y R . » . Vi ~
L L. o 3 medium, or dark. . ’ ‘ N~
' \ ’ - vata A A
te .. o Determine what fixture type is used in the room. '
. - < ; N

+

g
) N ' (S
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. ‘ .
o Reading down in the column for the appropriate '*

>

fixture type and across to the right at'the‘correct
watts per square foot for the applicable room finish,

find the resuigant‘footéandle‘level.

- .
t
‘ -

3. Example: A classroom 25 feet wide by 30 feet long
.has light;é%ey‘paiﬁted walls, light gr floor tile,
and a white painted ceiling. It.has thyee rows of

fluorescent fixtures with.prismatic wraparound diffusers,

each row having six, two—lan? fixtures, four feet long.“

-

e Find the number of watts per square foot.

’
. )
<
.

a. ‘The area of the room is 750 square fﬁgt
(30 x 35).

3

)

)

b. There are 36 fluorescent lamps a% 40 watts

Ceach or 1,4L0 watts total. )
/A

* ¢. The watts per square foot are 1,440Q watts

L}

divided by 750 square feet or 1.92 watts per

.

square foodt.

»
I3

%

e Find.the light level. From TABLE 5 - FOOT-
CANDLE LEVELS: 'FLUORESCENT FIXTURES, a room with

_ lighting at 2.0 wdtts per square foot, light finishqs,.

and prismatic<Vraparou%g'dif§users (Lighting Fixture.
Type F7 from TABLE 3 - LIGHTING FIXTURE TYPE SCHEDULE)
has a Iight level of 51 footcandles.

\
-

L)
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METHODS OF
MOD#FTCATION -

~substitute lower

wattage lamps

L4

~

delafpinf/)f””

. .
. ) J N

™~ . @ Evaluation:- The‘standard is. 30 footcandles

i )
for classrooms. The ex1st1ng llght level, as

determlned above, is higher than “the standard
and‘therefore should be modified. From TABLE 6,
DELAﬁPING SCHEDULE FOR FLUORESCENT FIXTURES, it |
cdn be seen thatldeactlvatlon of lh bulbs will
result in a lléhtlng level of 30 footcandles

( . Q"

- ':‘

. — 64 - © a/st'- ST,

- .
\3,' . . .

J nght output can be redu?ed by approx1mately 20 percent

most simply by replacemént of the standard fourvfoot
LO-watt lamps with new 35-watt lamps by GE or 3li-watt
lamps’ by fylvania. These lower wattage lamps are )

*® s .
available at present only ih the four-foot length. - -

-
~N
» -

-

A more .generally applicable method of reducing overall
light levels’ 1s the complete deactavatlon of some portion
of the lamps in the space Any one or more of the -

-

methods whieh follow may be used_for delamplng See

. TABLE- 6, DEﬁAMPING SCHEDULE FOR FLUORESCENT FIXTURES

"(based on ex1st1qg light levels~1n footcandles) to
“ .
.determine en Ber of»lamps required for an overall

- light level of 30 foqtcandles and consequently, the

number of lamps to be degctivated. 4

6 - -
- 4

‘
Note: One ballast generally serves two lamps
- whicn nakes\it Necessary to remove lamps in pairs '
in order to maintain operation of the fixture.
.When Tlxtures are partlally or wholly delamped, *

unneeded ballasts should also be disconnected to

maximize ener savings. The ballast uses approx-

imately:lo percent of ‘the_electric current consumed.

. N ) N ¢
0t N 4’

. . -\
R - :

-

@ [
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VAQ . o /
by a flqprescent'fikture. Unless disconnected,
“the ballast wfll.cohtinue_to use the samé amount

of current when lights are switched on even if the

~

Fixture hds been delamped.

-
. - N ~

1. -Removalsof'pairs of "lamps in a checkerboard or

staggered vattern. This will lower the average light

}eve}awithout creating unatceptable variations ¢gn .the

delivered light’ level in roems using four-foot fixtures.

-This method is generally hot applicable in areas where

: 4
eight-fqot fixtpres'are used. In those areas 3t would

result in lighting which is too uneven.
g

N

.

2. Deactivating the centeér row of fixtures. Thié.

may be applicable where the ex1st1ng llghtlng cons1sts

of thiee parallel rows of fixtures.

X} e *
. .

Replacement of one lamp 1n a paired fixtune with a

Aphantom tube. These are special tubes which dr

very little current but provide the necessarv JUadgon\;
the balf!st to permlt the normal lamp in the pair to
ma1ntarh its operatlon Use of this method makes 1t
possible to convert a two-lamp, eight- foet flxture -
into a 31ngle 3amn elght foot {‘1xture a.nd .reduce the
edergy ustd By almost hakf/’ s, the overall light
level in, a room can be lowered and higher levels can
be malnt&lned where requlred. o : -
) <a e o N ‘\,/) B
In a science classroom with conventional

light levels at

Example
desks and one demonstratlon téble
* the desks ¢an be prov1ded at 30 footcandles w1th a
é}ght level of 60 footqgndles provided at the
demon%tratlon table by leaving. two lamps in the l’. A
fixture or fixtures located dirégtly above the table.




"Phanton" tubes, however, are still too expensive to
make this an epénom@cal method of lowering light

levels. N ‘ . \

. ) o - (S
4. Rewiring of fixtures so that a two-lamp ballast

o

serves two tubes end-to-end rather than “two tubes
side:g&—sidei -This teéhnique has the adVahtage of
us1ng each ballast to power two functlonlng "tubes
rather than one functlonlng.tu?e and one phantom
tube.® It also eliminates the heed for purchasing .
special "ﬁhantom" tubes. It has the disadvantage of _
requiring réwiring which must be done By a qualified
electrician.

Al

-

- .

5. 'Partial delamplng of flxtures hy ‘removal of one

tube from three-tube flxtures or two tubes from four-
tube fixtures (and disconnection of the corresponding

ballastd) will result in a lower but uniform overall

‘/ﬂhg,ht level. — v

{

j;
.

¢
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TABLE 2 - NET FLQOR AREA REQUIREMENTS PER Q&CUPANT
. (according Yo the New York Clty Bulldlng Code)

RN

TYPE OF OCCUPANCY o T NET FLOOR AREA

Auditoriums .
! . ) S
fixed seats - total number of sedats equals - -
rrumber of occupants ., .-
. i X ‘
oveable seats 10
ﬁ l." \ X .
S ) ,
. Classrooms : 20
Dining spaces
. - £
Gymnasiums .
+ . . ~ .
Kinderg‘ens L :
. . < ’
Kitchens@#¥. ~ .
Libraries : —————
Locker rooms . 12
. . ‘ -
* ~” *
. . .
* )
K ]
~ .
. e k - -
% .
- ’
\ »
‘ )
%’ ~ hd ,
- . " .
1
'y; -

. PER OCCUPANT (SF)




TABLE 3 - LIGHTING FIXTURE TYPE SCHEMVLE D SRR
A - ' ) R s
N . < N / [ 'Y .
fluorescent F1 Metal eggcrate - ' ¢
- fixtures. F2 Pargbolic metal eggcrate .
- 'F3 Acrylic prismitic ..
= F4 Glass prismatic * o
‘F5 Plastic eggerate <. .
- F6 Aluminum reflector *no diffuser . ~, % .
F7, Prismatic wraparound VAN N DR
F8 Opal drop dish (. ’ ‘
incandescent ) I 1A Opal glg.ss diffuser - 200 wa.\.'l:t buJ._b (PS 30) d ’,,\:&
fixtures I 1B Opal glass diffuser - 300 watt bulb (PS 25) /
‘ I 1C Opal glass diffuser - 300 yatt, extended servige‘bulb'{ii}éo)
I 2A RLM - 150 watt bulb (PS 25) _*
I 2B RLM-. - 200 watt bulb (PS 30) .
¥ 2C RIM - 300 watt.bulb (PS, 25) ” . )
I 2D RIM - 300 watt, extended service bulb (PS 30) +
I 34 Multi-ring w1th ) - . 7
., silver bowl . - 300 watt bulb {PS 35) .,
‘ I 3B*Multi-ring with - ot P ,
silver bowl - 500 watt bulb (PS L0)- ~ .
' I LA High bay-white ) ' . .
porcelain -~ 250 watt\bulb (PS 35) - . .
I 4B High bay-white » . . ¢ -
porcelain - 500" watt bulb (PS o) > - : - T
. I 4C High bay-white .
porcelain -1 000e watt bulb (PS 52) ' ~
High bay-aluminum
reflector ‘ p- * .
I 5A Mercury bulb .- - 400 watt bulb (BT 37) . . -
I 5B Mercury bulb - 700 watz bulb (BT 146) L
. I 6 Down light-blackring- 150 wa#f bulb (A23 sy ﬁ ..
M I 7 Down light-metal S .- :
* reflector . - 150°vatt bulb (R kOY © . L
. 7 . T
. . 4
s v . K] '
- . N
» - ¢ ' ¥ - o .
, | . ‘ o b
| S R e
) i 7 » .
. /" " . \ ' 6 ~
b ' N s " - LI : 4 3 . . ‘4% ' N
7¢ - n . R Y . t
f . -4 \ P b ‘
* *‘. : Y N [ * . 'St - 61
! 1 _; ¢ 60 * - L} o . ﬁ

>




& TABLE 4 .- FOOTCANDLE LEVELS: INCANDESCENT FIXTURES L
FIXTURE I 1A I°1C I 2A )
RM FIN LT MED DK DK| LT MED DK| LT MED DK  _
@ 0.2 11 1 il 1 1 1] 2 1 1
0.4 3 %25 2|2 2 2| 33 3
0.6 L33 3 4. 3 30 s u oy
0.8 5 Lk b s % 3| 6 6. 6 .
" 1.0 6 5 s s{ 6 5= 4| 8 7 1
1.2 8T 6 6| 7 6 5| 9 9. 8
R 9+ 8 6 718 1T 6] 11 10 "10 ]
1.6 00 97 7|12 10 8 10 8 7| 12 12 1N
_ 1.8 210 8|13 11 10| 11 9 8,1 13 12\
i " 2.0 13 11 9015 12 1142 10, 9|16 15 .1
2.2 %, 12 10| 16 14 12 13 11 9 11 16 15 s
c2.k, |15 137 11| B 15 13f.1 12 10| 19, 18 17~
T2.6 | 1r 1 12f 19. 16 k| 16 137 1) 20 19 18
2.8 18- 15 13| 21 17 15| 17 a4k 12| 22 21 19
3.0 219 16 1| 22 19 18] 18 15 13| 23 22 21
3.2 21 17 15| 2% 20 17| 19 .16 W | 25 23 22
3.4 | 22 18 16| 25 21 18] 20 17 15| 26 25 23 ‘
3.6 23 -20 17| 26 22 19| 22 18 16| 28" %6 25, -
3.8 25 .21 18| 28 2k 20| 23 19 16| 30, 28 26 °
K 8 1.0 26 22 19|29 25 21| 2k 20 17| 31-29. 28,
) ; 5.5 0 % 22| 35 29 25 28 24 20| 37 3 32
rey gs‘.o 35 29 25| L0 " 33 29 .32, 27% 23| k2 Lo 37,
- ? 5.5 39 "33 28| k3 38 32| 371 31 26| 48~ L5 k2 T
Z LY 37/,31 50 k2 36| L1 3L 29| 53 S0 L7 '
E 6.5 b8 41 35| 55 46 Lo| 45 38, 324 58 55 52
'S 7.0 53 45 38| 60 51 43| b9 k1 35| 64 60 56

» ’ - ’ . Noe v,
) B N . » ) ’ ) o . ) \ - e
. afst - 62 - — - .




14
" FIXTURE ' I 2B I2C I 2D I 3A
RM FIN LT MED DK| LT MED DK| LT MED DK| LT MED DK
0.2 2 2 2| 2 22| 2 o2 2l e 2 1
0.4 L L 3 'l L L /h .3 3 L3 2
0.6 6 "5 51" #° 6 61 5) 5 5| 6 5 3
-0.8_ 8 ® 11 9 8 8 7T 1 6| 1 6 1
1.0 9 {9 8| 11 10 10 9° 8 8| 9 8 s
1.3 11 N 10|13 12, 1] 11 10, 9| 11 10 §
CEEE 13+ 712N\ 12| 15 1 13 12 12 11| 13 11 -7 .
1.6 15 1 137 17 16r 15| b 13 12] 15 13 8.
1.8 17 716 154 194~18 17| 16 15 1| 17 15 10
2.0 19 18 17| 22 20 19 18 177 16 19 16 11 -
23 | 21 20 18| 2 22 21| 19 18 17| 20 18 12
2. 23 21 20| 26 2 23] 21 20 B|.ae 1w 13
' 2.6 25 23 22 28 .26 25 23 22 20| 2k 21 1b
2.8 27 25 23| 30 28 27| 25 T 23 22| 26 23 15
- 3.0 26 27 25| @ - 30. 29| 26. 25, 23| 28 .24 16
3.2 30, 29 27135 32731 28 21 25| -3 26 17.
S 3 327°30 . 28|37, 35 32| 20. 28 26| 32 27 18
3.6 3B 032 30(.39« 37 3| 32 30 28| 33 29 19
L 38 T 33 31 30| 3 3120
S bo 138 36 3343 b1 38 35 33 31|37 T 21
g 4.5 k2 39 51 b8. kS| k1 .39 37| Wb 38 B
. % 5.0 51 L8, 45| S8 55 52 :«g‘a' W5 - 2, 50 b2y
755 58 skos1) 66 62 s8|sh 51 {47 5T b9 32
B 60 6b 61 5T| 73 69 65| 60 56 Y53l 63 55736 s
L& 6.5 | 71, 67T 63(.817 76 2] 66 62 581 70 61 Lo " .
<. 7.0 78 73 69] 88 83 18| 72 6l | 76 B U3
_— . @ e ‘
R R S S
. ) - 70 R

-

TABLE 4 - FOOTCANDLE LEVELS: INCANDESCE?I\iT FIXTURES, (contd. )

>




TABLE L -' FOOTCANDLE LEVELS: INCANDESCENT FIXTURES (contd.)

_ FIXTURE T 38 - [T uAfr kBT kel 5AYT 5B 16 - I7
~ RM FINISH| /LT MED DK |ALL|ALL| ALL| ALD| ALL|, LT MED DK | LT MED DK’
v 0.2 oo 2 o 2| 2T 2| u| s 3".6' 6 5] 2 11
0.k T N T3 N 9l 1} 1,1 1] 3 3 2
) 0.6 6 5 5| 6| s| 7| 13| 16| 2 2 2| 5 4 u°
0.8 8 7 7| 8| 71| 9| 11| 2] 2 2 -2 7 6 s
1.0 10 9 8| 9|79l 12| 227 3 3 3/ 9 1 6
1.2 12 11 | 11| 11| 14| 26} 33] L - 3 3] 10 9 .7
‘ drg | 130 130 12| 13| 12| 6] 0| 38| ¥ b k|12 120 9
*° 1.6 15 1 13 15} k| 18} 35| 43| 5 5 | 14 12 10
1.8 {"17 16 15| 17| 16| 21| 39{. 4| 5 *5 5| 16 13 11
2.0 | 19 18 17| 19| 18] 23|,43| sk 6 6 5| 17 15 T
2.2 21 20 19| o1t 1% 25| W8] 60 T 6 6| 19 16 - 1k
o . e 2.b S 23 21 20 23] 21) 28] 52| 65| 7 7 71|21 18 15
\,\7 S 2.6 | a5t 23 e2|e25| 23] 30| s6| 71| 8 7 7| 22 19 16
i ) z.a 27 25 2k 36 25| 2| 60| 6] 8 8 L8] ol 21 17
o 3w 29 27 25| 28| 26| 35| 65|81 9 9 8| 26 22 19
B -3 31, 29°. 27| 30| 28| 37| 63| 87| 0. .9 9| 2& 24 20
‘L34 | 33 .30 2h|-32|%0| 39 73] 92| O« 20 9} 29 .25 21 (
3.6 35- 32 30| 34 324 L1 78] 98| 11 10 10| 31 .27 22 *
X 3r..3h 3| 36| 33) M| 82|103| 1 11 1033 28 ok
] § 4.0 ¢ 39«36 3b| 38],35]. k6 ’86. 09| 12- 11 11| 34, 30° 25
A, k.5 ° ‘% b2 ko | My k1 Sh 102 | 128 14 13 134 Lo U350 29
woe 5 5.0 52 hi 45151 h83_.»62\ nr 7| 16 15 15| k7 ko 3b
L w2 5.5 50 5%.-51| 58)|.54) 70| 132 166| 18 17 17| 53 L5 3B
f - %\ 6.0 . 6;5 61 .57‘. B §h 6o_ 78| 147§ 185| 20 19' 19| 59 -50 h?
/“é’"é.s;‘ 72 61 63 71”'66 86| 162 |20k | 22 21 21| 65 56 LT
N F 7.0, | 19, 73767 77| 72| 9| 17T |223| 2k 23. 22| 71 61 51,
' ety N N ’ Lo
W ;
‘ % - ’
R )

-
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" TABLE 5 - FOOTCANDLE LEVELS: FLUORESCENT FIXTURES
‘ ¢ ’ /,
FIXTURE F1 N S SR
RM FIN | LT. MED” DK

é\\ 3| 4
7\ 6| 8
0

7 7
11 1o 9] 12 11 10
1 10f 15 13 12 13
Wo,13] 18 17 15| 20 18 16
17 22 20 18| 24 22 19
20 26 23 21| 27 25 22
22 . 29 21 2k 31 29 26
25 33 030 27| 35 32 29
28 31 .33 29|39 % 3
31, b 371 32| 43 35
/ 33 bh- ho 35| 47, b3, 38
36 48 k3 38{ 51 L7 ko
39 51 47 L1 4s
b2 55 50 ' L | 49 48
- U5 .58 53 47| 63 57 s1.
b7 62 57 50| 67T 61 5k
50 66 60 53 65 58
53 ° 69 63 567 75 68 61
56 1 73 .67 59| 78 T2 6L
66 6p| 86 718 69| 92. 84 75
(CH 99 90 80 97. " 86
8 111 102" 90 109 98
107 95 124, 113 100 122 109
119 105 137 125 111 135 120

130 11473104 | 150 137 121 147 131
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TABLE 5 - FOOTCANDLE LEVELS: ; FLUORESCENT FIXTURES (contd.)

FIXTURE FS % ‘ F8
RM FIN LT-MED DK| LT MED DR| ‘LT MED DK L] MED - DK
0,2 2 2 20 8 7 6["s5 3 1| 2 2 2
0.4 b o4 30 150 15 13] 10 <6 3| 4 3 3
0.6 6 6 5| 23 22 197 15 9 A4 5 5 5
.8 9 8 7| 31 30 26| 20 122 6{ 1 1 6
o1e [ 11 10 9| » 3 32 28 15 7| 9 8 8
1.2 13 3 18 9] 11 10 9
1.4 15 % 21 10 12 "2 11
1.6 ] 17 b1 24 12 ‘ffh 13 12
8- 19 L6 271 13| 16 157 1L
P 22 51 31 14| 18 17 15
2.2’ 2k 56 34 ,16] 20 18" 17
2. 26 61 . 37 #17| 21 20 18,
2.6 | 28 66 40 19| 23 22 20
2.8 Y1 30 71 43 20| 25 24 21
3.0 © | 32 76 46 22| 21 257 23
3.2 35 81 19 3| 28 27 2k
3.4 37 86 52 ‘241 30 29 26
3.6 | 01 55 26| 32 30 27
3.8 41 97 58 27 34 32 29
g 4.0 b3 102 61 29| §§ Al 30
g b5 51 1119 T2 341 b2 |39 35
5.5.0 58 137 82 0 39| 48 (k5 W
o5 66 155 93 LL | sf 51 L6
B 6.0 73 173 104 49| 60 57 51 .,
g 65 | 81 191 115 Sk 67 63 ST
g 7.0 .| 8 208 125 59| T3 69 62




L4 ’ .
DELAMPING SCHEDULE FOR FLUORESCENT FIXTURES
(to result in light level of 30 footcandles)

EXISTING FOOTCANDLE LEVEL
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appendix .
scheduling

HEATING

’

DETERMINE - " Find the lead times required-for .boiler start-up

%?ARTLUP TIME required to'reach 68° F. for various temperatures.

1. Place ene thermometer in a convenient location
outs%de and another in a representatfve locat;on
inside (such as.a ciaeirbom which gets particuiarlf
cold. at night). *

2. Record the following information for a pefiod .- .
of 30 days (or more if required) on TABLE 7 - DAILY
RECORD: BOILER START-SRWAND SHUT-DOWN in the columns

indicated.

°

4

e 'Out51de and 1ns;de temperatures at start-up.

o ™ne of start-up '

® .Time that the indoor thermometer reaches 68° F.
® The "lead time" required fo; each of these

conditions. ["Lead time" reférs to the time at
A )

which the inside thermometer reaches 68° F.~Tinu§

the starf#up time.)

LY

> * . ;
3., Record the lead times required for inside and

- Sygside temperatures on TABLE 8-~ LEAD TIMES ACCORDING

TO TEMPERATURE: BOILER START-UP.
2 ' : ’ ’5

[y

LY

DETERMINE F1nd the earllest b01ler shut-down times for varloug

SHUT-DOWN TIME temperatures wh1ch;w1ll malntaln 68°-F. in all occupied

»

spaces. . - ‘ . - | .

. L4 f
L .
e .
—~ . . e

1. Record the fbliowing information® every day on
- . . ‘ Ay .

v




E y ¢

TABLE 7 - DAILY RECORD: BOILER START-UP AND SHUT-
. . 2 .

DOWN in the columns indicated.

.ol . N
v ) . N < - -
B .

¥

"% - Outside temperature at®hut-8own. -
- ’ / %
e Time of shyt-down.
Ls ’ .
) ) ,,/ ’ - : .
e Time that the indoor temperature drops . / . l
below 68' F. ) 3 . .
> .

Y
/‘.'

pad ‘e Lead time (tlme that the indoor temnerature - -

; ;
drops below 68° F. minus the shut-down time). . ﬁ)

-

, 2- $huf down the boiler a bit earlier each day uﬁti;l.: .
- the temperature on the indoor,thermométer' drops below

68° F. before the end of the schpol da.3.r. " When this
D happens 15 minutés tefore the end of the day, add 15.

minutes to the shut-down time used .that day for future

‘ uSe for that temperature and record it on TABLE 9 - . \
LEAD TIMES ACCORDING TO TE]"IPERATI:TRE: BOILER SHUT-DOWN. .
v - . , ’ .
< l ' '
- * ) " ‘ ,.
° ', _ ,
¢
. N .
.. A . *
. w . )
- - . °
U] - . ]
1e B
4 ‘ ' . e
M ,
9 ! - .




DAILY RECORD: BOILER STARNGUP AND SHUT-TOWN'

"ﬁ. . .
. M - < .
" |.
. ‘. ’ ‘5,

START-UP SHUT#DOWN

TEMPERATURE: . . % — Y ome

OUT- ,| IN- ] 68° _sHUT-/| 68°

SIDE | SIDE |UP L DOWN

!
¢ + .

”
-~
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REE “alse - T1 b
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TABLE 8 - LEAD TIMES ACCORDING TO TEMPERATUgE: BOfLER START-UP

¢
. - >

OUTSIDE TEMPERATURE

11-15 | 16-20 | 21}25 | 26-30 31-35 b1-1s
7 :

»*

i

INSIDE TEMP

\

JOR

’ ¢ . ° ( .
TABLE 9 - LEAD TIMES XCCORDING TO TEMPERATURE: BOILER SHUT-DOWN -

«

r
4

OUTSIDE TEMPERATURE - *
11-15 | 16-20 | 21-25 | 26-30

L
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1\ .
VENTILATION

. EXHAUST SYSTaﬁé(

identify exhaust
zones

~ .

° r

Ld

1. kF&nd the spaces éerved by each exhaust fan either

from  the des1gn draw1ngs or by turnlng on one fan-at
a time and checklng frgm room to room to flnd which

]

spaces are belng exhausted. In some bulldlngs the .~

exhaust syst%ms‘are*stralghtforward and this will, be
easy. In othersy it may bé necessary to have specially . s
trained éeogle thake the determinations. If this’is
required, contact the Borough Supervisor's Offiée of
the Bureau of Plant .Operation.

~ . ‘e ¢ o ¢
2. Fillin TABLE 10, ROOMS SERVED BY EXHAUST FANS:
'EXHAUST ZONES.

of each fan 1n the bulldlﬂg and bhen the room number of 0

First, llst the 1dent1f1catlon number

‘each space served by each space served by each fan.

-
ghls will then 1nd1cate the exhaust zones." (Note

vﬂ‘ﬁ\\bhat in ,some cases a s1ngie r8pm may be served by more

develop program
for use and non~
use of fans

LA

s .

r~

« -

. than one;£§§aust fan.) ' ., ] - , -
T : . .

1. Determine the times -of day when an 'exhaust zone™

. . . : 4
ds not in use‘FhWhen a fan serves a single large space

such as a. gymnas1um or shop, this 1s not a problem
When a fan serves several c;assgggms however, it may
Using TABLE 11- ROOM USE SCHEDULE * .

be more diffi
identify the' exlizust fan af the

FOR EXHAUST. FAN. NO. XX,
top of the table and %hen list all, room numbers served-qat

by that fan. Use one copy of TABLE 11 for edch fan

‘(Note: One copy has been provided; @éke additional - -
° A}
gdpies as ,requifed.) . ”
£ Vﬂ. ) . N
[ B -
oo ) v -
"I' R ' P \
. » . . Y
- N et . - ,
: * a/sc - M3




- . ~ -
- »
e - ¢ A Y . ‘ !

: . . o . _;‘
p o\ — .
: 2. Us1ng the partlally kombleted copies of TABLE ll .o
* .

' R ' ask the admlnlstrat\ye person respon51ble for = . - ° e

schedullng the use of rooms to-check off on the TABLES

. o . oo i B each period when each room is in use and return the - . AV
completed TABLES to yoﬁ. i . { o

-

w ’ 3. Record the periods when each fan must be in opera-‘ ;

tion in the column titied OPERATION.
I

-~ P ~ * S
\ . t *

& 7 .
<L ’ h./ Complete TABLE 12- OPERATfNG SCHEQEEE\FOR EXHAUST ﬂ
. . "Egy§. Transfer the fan kumbef and perigds cf operation
" for- each exhaust fan (from all copies of TABLE ll)\to ‘
TABLE 12 and fill i thé spaces“co%responding to éhe )

times when operation the fans is required. At all )

‘other tifies the fans cap‘be left off. , s

ot'be possible to shut off a fan ?

Note: It may

. vhenever a spacé is not occupied because of lack' v
of manpover available. If thiﬁmis tHe case, control

the fans for those perlods when.several fans can be . v

. , ' deactivated at one tlﬁe . -
<7 ~ Do

.o o {
INDIRECT AIR TABLE 13 - ROOMS SERVED-BY INDIRECT HEATING UNITS; h

. SYSTEMS - (TABLE 14 - ROOM USE SCHEDULE FOR INDIRECT HEATTNG UNIT '

- . . NO. XX and TABLE 15 - OPERATING SCHEDULE FOR INDIRECT ' '2‘
( ’ i HEATING-UNITS cornespond for indirect air systems to"

- .

. . ' "’TABLES 10, 11 gnd 12 for exhaust systems. TFollow, the ’
: - - - same progess' of 1nvest1gat10naand recording of info;ma- . 'f
. Y _ tion to complete the TABLES gnd déve%pp a schedule to

TS . ‘ operate the indirect air’systems only dhqp required.

Cb ~éecoijdiné td the use of the spaces they séenve. (See
J,fc‘ L instrictions for TABLES 10, 11, and 12. -k




s

.
-
"
\
.
.
- ]
- .
_ . .
v .
4
<
)
..
e
,
4
s
. *

:
[ 4
B
“a
,
.
s,
KX
\
[N
B
4

full operatifg schedule for fans in a bullding to
permit the greatest energy saving through the elimina-
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tion of unnecessayé/ fan use. .
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TABLE 12 -~ OPERATING SCHEDULE FOR EXHAUST FANS
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